Abstract Indirect plate enzyme-linked immunosorbent assay was standardized and evaluated for its effectiveness in immunodiagnosis of paramphistomosis in experimental and clinical cases in sheep, goat, cattle and buffaloes by using somatic whole adult antigen of Paramphistomum epiclitum and Gastrothylax crumenifer. Plate enzymelinked immunosorbent assay (ELISA) was standardized using 2 μg/ml of antigen concentration with 1:200 and 1:1,000 of sera and conjugate dilution. Indirect Plate ELISA was able to demonstrate the antibody titre at different weeks postinfection in experimental sheep. Immune response at weekly interval varied in all the four experimental sheep. A paired t-test between two types of somatic antigens (P. epiclitum and G. crumenifer) showed that experimental sheep sera showed more affi nity for homologous antigen as compared to heterologous antigen. A comparison of plate ELISA on suspected fi eld sera and fecal samples examination by sedimentation method revealed that 77 samples were found to be positive by ELISA but only seven by fecal examination. Sensitivity of plate ELISA was found to be 85.71%, whereas specifi city was 23.65% indicating that this test is quite sensitive for clinical cases; an early diagnosis, however, lacks specifi city. In comparison to ELISA test the sensitivity and specifi city of fecal examination were 7.79 and 88%, respectively.
Introduction
Domestic animals suffer at large from various gastrointestinal helminthic infections and paramphistomosis is one with great potential to cause huge mortality and morbidity by affecting health, production and reproduction of animals. India was considered as the most affected country of the world with Paramphistomum epiclitum and Gastrothylax crumenifer back in 1971 by Horak. These are the predominant species with prevalence rate of 50-70% (Dutt 1980; Hafeez and Avastthi 1987; Matto and Bali 1991; Prasad and Varma 1999) . Climatic conditions like monsoon and postmonsoon seasons and livestock management practices have substantial role in sustaining the disease by infecting more intermediate hosts (snails) and increased number of infected pastures especially in low lying areas (Phiri et al. 2007; Tariq et al. 2008) . Since the fi rst record of this from India in 1906 by Baldray numerous outbreaks of acute paramphistomosis associated with high mortality among young sheep, goat, cattle and buffaloes have been recorded by various workers from time to time (Pande 1935; Bawa 1939; Katiyar and Varshney 1963; Chhabra et al. 1978; Pande and Misra 1980) . Outbreaks of paramphistomosis generally occur in the dried months (Hafeez 2003) . In Punjab it was found that the prevalence rate of paramphistomosis was highest in buffaloes (10.94%) followed by cattle (08.36%) and goats (3.85%) (Hassan et al. 2005) .
Though parasitological examination continues to be the most widely used method for detection of paramphistome eggs in fecal materials of suspected cases, lack of sensitivity to detect light infections during subclinical phase, due to prolonged prepatency and non-availability of any parasitic stage during the period makes this conventional diagnosis J P D paralyzed. Early diagnosis of paramphistomosis is essential for prompt treatment before any irreparable damage occurs (Wang et al. 2006) . The need of an urgent diagnosis is fulfi lled by immunodiagnosis of a disease like paramphistomosis with long prepatent period by detecting it in its early stage when maximum pathogenicity is caused by the immature stage of the pathogen. This study has, therefore, been planned to standardize indirect plate enzyme-linked immunosorbent assay (ELISA) and evaluate it in diagnosis of experimental and suspected clinical animals for paramphistomosis and compare the results with customary diagnostic methods.
Materials and methods
Live P. epiclitum and G. crumenifer fl ukes were collected from rumen of sheep and goat from slaughter houses. Identifi cation was done as described by Soulsby (1982) and the fl ukes were stored separately in normal saline at -20ºC till further use.
Antigen preparation: Somatic antigens of P. epiclitum and G. crumenifer were prepared separately by homogenizing whole fl ukes in 0.1 M phosphate buffer saline (PBS; pH 7.4) followed by sonication (Soniprep-150) at amplitude of 10 μm for 8 minutes in terms of four cycles. Each cycle was of 2 minutes with a rest for 1 minute. The sonicated material was then centrifuged at 10,000 rpm for 15 minutes at 4°C. The individual supernatants were fi ltered through 0.22 μm Millex -GV fi lters (Millipore, France). The protein estimation of each somatic antigen was done as mentioned by Lowry et al. (1951) and stored separately at -20°C in 1.5 ml aliquots after adding PMSF (phenyl methane sulfonyl fl uoride) @ 10 μg/ml as an antiproteolytic agent.
Harvesting of metacercariae:
The infected snails (Indoplanorbis exustus) were exposed to direct sunlight. These started shedding cercariae within an hour. These were allowed to encyst on the polythene strips and the metacercariae, collected as per Malviya et al. (1989 The animals were dewormed with fenbendazole @ 7.5 mg/kg body weight orally and then after 21 days with ivermectin @ 0.2 mg/kg body weight orally to clear them from any parasitic infections. Fecal samples of these experimental sheep were collected directly from rectum following sedimentation and fl oatation techniques and checked microscopically for any endoparasitic infection. The animals of group 1 (after keeping them on fast for 24 hours) were subjected to experimental infection by feeding metacercariae of P. epiclitum orally in water. Sera from experimental sheep were collected from day 0 and at interval of 7 days postinfection. Sera were stored at -20°C after adding thiomersal (10 mg/ml) @ 5 μl/ ml in small eppendorf tubes till further use.
Raising antiserum: Three Soviet Chinchilla rabbits of 3-4 months age were acclimatized in laboratory for 15 days. While two of them were immunized with adult somatic antigen of P. epiclitum, one was immunized with G. crumenifer. Primary immunization was done with 500 μg of somatic antigen intramuscularly along with Freund's complete adjuvant. Three booster doses (250 μg) were given in Freund's incomplete adjuvant intramuscularly at an interval of 1 week each. Pre-immunized sera collected before immunizations were used as control sera. Sera were also collected before each booster immunization and stored at -20°C after adding thiomersal (10 mg/ml) @ 5 μl/ml in 1.5 ml aliquots.
Sera from natural/clinical cases: Sera were separated from blood samples collected from 100 natural/clinical suspected cases of animals from jugular vein by venipuncture and stored in small eppendorf tubes after adding thiomersal @ 5 μl/ml at -20°C till use.
Standardization of indirect plate ELISA:
Plate ELISA was performed on 96 wells polystyrene microtitre plates (Greiner) with all incubation times previously determined by checkerboard titration following Hudson and Hay (1989) . The wells of microtitre plates were coated with 100 μl of 2 μg/ml concentration of antigen (diluted in 0.1 M carbonatebicarbonate buffer, pH 9.6) and kept at 4°C overnight. Next day, the plate was washed thrice with 0.1% PBS Tween-20 for 15 minutes with each washing of 5 minutes. The plate was blocked with 3% lactogen (300 μl/well) and incubated at 37°C for 2 hours. The plate was given three washings with 0.1% PBS Tween-20 for 15 minutes. Fifty microliter of serially diluted experimental serum was added in triplicate wells and plate was kept at 37°C for 1 hour followed by three washings with 0.1% PBS Tween-20. Fifty microliter of 1:1,000 rabbit raised antigoat HRPO (horse radish peroxidase) conjugate was added in wells and incubated at 37°C for 1 hour and again washed with 0.1% PBS Tween-20. Fifty microliter of substrate orthophenylenediamidine (OPD) (Sigma, USA) containing H 2 O 2 was added in wells and the plate was incubated in dark place for 10-15 minutes.
